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Unplanned Readmissions to Acute Care From a Pediatric Postacute Care Hospital: Incidence, Clinical Reasons, and Predictive Factors Children who require extended hospital level of care may transfer to a pediatric postacute care hospital after an acute care hospitalization. Sometimes called pediatric long-term acute care hospitals, pediatric rehabilitation hospitals or pediatric specialty hospitals, the postacute care hospital provides medical care and rehabilitation services for children with a wide variety of medical diagnoses, therapeutic needs, and technology dependence. The average length of stay in a pediatric postacute care hospital has been reported to be 46 days, and the extended course of care for these children may include 1 or more readmissions to acute care before discharge home. 1 The rate of unplanned readmissions to an acute care hospital is an indicator used by payers and accrediting agencies to measure the quality of a hospital's performance. 2 It is unknown, however, what percentage of readmissions are children returning to acute care from postacute care hospitals. Reducing hospital readmissions is a signifi cant consideration for all providers along the continuum of care and particularly for patient groups that are considered high risk or those with high resource use, 3 such as children who require postacute care. In addition to being expensive, these unplanned events are disruptive to patient care and cause stress for a child and the child's family. 4 Hospitals that are designing integrative models of care and initiatives to improve patient safety and health outcomes, and decrease costs, need to focus on the entire continuum of care for children. Thus, the purpose of this study was to identify the incidence, clinical reasons, and predictive factors for unplanned readmissions to acute care from a pediatric postacute care hospital.
METHODS

Participants
This is an institutional review boardapproved, retrospective cohort analysis of a convenience sample from 1 pediatric postacute care hospital in the northeastern United States. Electronic medical records of all patient discharges between October 1, 2011, and September 30, 2013, from the inpatient medical and rehabilitation units were analyzed (n = 298). Data were gathered and entered in to a projectspecifi c database. Data quality and reliability checks were conducted throughout the data collection phase of the study by random repeat data entry and comparison. One episode of care was excluded, as the child died while in the postacute care hospital, rendering a fi nal sample size of 297.
Procedures and Analysis
Demographic and clinical information abstracted from the medical records for these 297 discharges were representative of 186 children and included the following: gender, race/ethnicity, referring acute care hospital, payer type, primary diagnosis, reason for admission to postacute care, second ary diagnoses and comorbidities, post acute care hospital admission number, admission and discharge day of the week and month of the year, discharge disposition (planned discharge to home, planned discharge to acute care, an unplanned readmission to acute care), and reason for readmission to an acute care hospital, as applicable.
Using the primary diagnosis, secondary diagnoses, and reason for postacute care hospital admission, each case was assigned by the primary investigator to 1 of 5 previously described clinical program groups: noncomplex infants (diagnoses such as neonatal abstinence syndrome, prematurity with feeding issues), active rehabilitation (diagnoses such as acquired brain injury, spinal cord injury [no ventilator], cerebral palsy, and post-orthopedic surgery), medically complex (chronic complex medical condition with ≥1 of the following: tracheostomy, gastrostomy, postsurgery [orthopedic, gastrointestinal], sepsis ruptured appendix, new onset or uncontrolled seizures, respiratory distress, dehydration, failure to thrive, malnutrition), and ventilator-dependent: noninvasive (eg, using bilevel positive airway pressure) and ventilatordependent: invasive (tracheostomy plus ventilation). 1 Standard descriptive statistics were used to summarize the demographic and clinical characteristics of the sample. Date of birth, date of admission, and date of discharge were used to calculate age at admission, age at discharge, and total length of stay in postacute care. Number of readmissions to acute care in <3 days, <15 days, and <30 days of admission to postacute care were calculated. Reasons for all planned and unplanned readmissions to acute care were sorted by clinical program group. To examine predictors of the independent variable, unplanned readmission to a pediatric acute care hospital, we estimated odds ratios (ORs) and 95% confi dence intervals (CIs) by using the logistic regression model with the backward selection option.
We fi rst included the following covariates in a multivariate model: age at admission (years, continuous), length of stay at the postacute care hospital (days: <30, ≥30 [median = 29 days]), gender (male, female), ethnicity (white, nonwhite), admission and discharge day of the week and month of the year (continuous), number of admissions to postacute care (continuous), referral source (Boston hospitals, non-Boston hospitals), payer type (public, private), and postacute care hospital clinical program group 1 (noncomplex infants, active rehabilitation, medically complex, ventilator-dependent: noninvasive, ventilator-dependent: invasive). Because of the level of clinical severity, the ventilator-dependent invasive group was considered as the reference category. The same multivariate model was re-run in a sensitivity analysis including length of stay in 6 categories (days: 0-7, 8-14, 15-30, 31-60, 61-100, >100) and age at admission in 5 categories (years: 0.1-1 [infant]), >1-3, >3-7.5, >7.5-15, >15 years). The fi nal multivariate model presented includes only the signifi cant predictors retained by the backward selection option.
As this is a retrospective cohort study and OR might signifi cantly overestimate associations between risk factors and common outcomes, 5 we ®
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www.hospitalpediatrics.org conducted a second sensitivity analysis by using Proc Genmod with the binomial distribution and the link "log" to estimate the relative risk and the 95% CI by the log-binomial regression model. A third sensitivity analysis was conducted on the 186 cases representing each individual child, by using only their fi rst admission to the postacute care hospital during the study period. SAS version 9.3 (SAS, Inc, Cary, NC) was used for all analyses, and P < .05 was considered statistically signifi cant.
RESULTS
Incidence and Clinical Reasons for Unplanned Readmissions to Acute Care
Demographics of the study sample are presented in Table 1 . For 207 (70%) cases, discharge was planned (147 discharged to home and 60 planned discharges/readmissions to acute care). There were 90 (30%) unplanned readmissions to an acute care hospital. There were 14 (16%) readmissions to acute care in <3 days, 41 (46%) in <15 days, and 59 (66%) in <30 days of admission to the postacute care hospital.
In this study sample, all of the children who returned to the acute care hospital, planned or unplanned, returned to the acute care hospital from which they were initially admitted unless a change was requested by the parent/ guardian or was due to medical emergency and travel distance. Fifty-eight (52%) of those children readmitted to acute care (unplanned) and returning to postacute care, did so only once. The mean number of discharges per child from postacute care was 1.82 (median 1.0, range 1-10 admissions).
For the total sample of unplanned readmissions (n = 90), most readmissions to acute care were for cases in the ventilator-dependent: invasive group (n = 49, 54%), followed by the cases in the medically complex group (n = 27, 30%). Clinical reasons for planned and unplanned readmissions to acute care are listed for each clinical program group in Table 2 and Table 3 .
Predictive Factors for Unplanned Readmissions
Of the 12 variables included in the logistic regression model, only 3 dependent variables were retained and were shown to be statistically signifi cant. These variables were age at admission, length of stay in postacute care, and clinical program group. 1 For every additional year in age, (older) children had 7% lower odds of having an unplanned readmission to a pediatric acute care hospital as compared with younger children (OR 0.93, 95% CI 0.88-0.98). Children >15 years had 83% lower odds of being readmitted to acute care (OR 0.17, 95% CI 0.04-0.70) as compared with infants (0-1 year; reference category).
Children who were still in the postacute care hospital for ≥30 days (n = 31) after admission had 67% lower odds of an unplanned readmission to acute care (OR 0.33, 95% CI 0.18-0.60) as compared with those who were in the postacute hospital for <30 days (n = 59) when readmitted to acute care. When length of stay was categorized into 6 categories, the results were in the same direction, suggesting that children who had been in the postacute care hospital the longest (>60 days), had the lowest odds of being ( Table 4) . These results did not change in the sensitivity analysis when we included only fi rst admissions (n = 186) to the postacute care hospital ( Table 4 ). The only exception was for children whose clinical program group was ventilator-dependent: noninvasive, as their decreased odds of having an unplanned transfer to an acute hospital became nonsignificant when compared with children in (Table 5) .
DISCUSSION
Pediatric postacute care hospitals play an important role in the continuum of care by providing care for a medically complex and fragile group of children, with the largest diagnostic groups being children with medical complexity and those dependent on invasive mechanical ventilation. 1 The purpose of this study was to identify the incidence, clinical reasons, and predictive factors for unplanned readmission to acute care from a pediatric postacute care hospital.
Within the single-site postacute care hospital where this study was conducted, hospital policy supports the following criteria for emergency transfer to acute care: medical decompensation, not responsive to treatment (eg, unstable blood pressure, neurologic decompensation, respiratory failure), airway instability requiring intensive care (eg, emergent intubation, progressively increasing ventilator support), increasing medical complexity requiring invasive monitoring and increased staffi ng needs beyond the standard of care provided in postacute care, and/or acute changes in status requiring diagnostic capabilities or interventions not available in postacute care (eg, MRI, computed tomography, Doppler study, or surgical procedure). It is unknown if these criteria are similar to that of other pediatric postacute care hospitals.
Children with medical complexity and children with ventilator dependence accounted for 79% of the sample in this single-site study of postacute care. Although estimates indicate they account for <1% of the pediatric population, children with medical complexity and technology dependence use almost one-third of all pediatric health care expenditures and make multiple transitions across providers and health care settings. 1, 3, 6, 7 For instance, in 2006, children with medical complexity accounted for 10% of all US pediatric acute care hospital admissions, www.hospitalpediatrics.org 26% of pediatric hospital days, 40% of pediatric hospital charges, up to 92% of technology assistance procedures, and 435 inpatient deaths. 7 It has become imperative for health care providers to study and understand the needs of this population as models of care are developed.
Data are available for unplanned readmissions to an acute care hospital for children and, in general, the incidence of unplanned readmissions has been reported as 8.4% at 15 days 8 and 6.5% at 30 days. 4, 9 More specifi cally, the 30-day readmission rate for children who are typically developing and without chronic illness is 3.1%. 3 For children with a single complex chronic condition and/or technology assistance, the rate of readmission to an acute care hospital has been reported to be up to 25% within 30 days of a previous hospitalization. 3, 6 For children newly dependent on invasive mechanical ventilation and discharged from the hospital, the 12-month incidence of nonelective readmission has been reported at 40%. 10 This is the fi rst study examining readmission to acute care from a postacute care hospital. A recent study identifying children with chronic complex conditions reported a 19% incidence of readmission to the referring acute care hospital within 30 days of a subacute hospital discharge. 11 Thus, our overall unplanned readmission incidence 1 For children discharged from subacute care and readmitted to acute care within 30 days, ventilator dependence was one of many factors associated with readmission. 11 Kun et al, 10 however, found no statistically signifi cant associations between demographic and clinical data with nonelective readmissions to acute care from home for children dependent on mechanical ventilation.
Gay et al 8 reported that "infants (<1 year)" was the age group with the greatest number of admissions (21%) within 15 days of discharge over a 1-year study period of readmissions to a pediatric acute care hospital. In this study, children who were younger also were more likely to be readmitted to acute care. Infants in postacute care, particularly those who are ventilator dependent, include a fragile group with chronic lung disease secondary to extreme prematurity and/or congenital anomalies and/or complex congenital heart disease. 1 In general, as these infants survive and grow, their conditions stabilize and therefore it is not surprising that younger children are more likely to be less stable in the postacute hospital setting.
Readmission within 30 days of acute care discharge is a benchmark quality indicator for both adult and pediatric hospitals in efforts to improve patient outcomes, safety, and satisfaction. 2, 9 The Centers for Medicare and Medicaid Services 2 encourages measuring readmission within 30 days rather than over a longer period, as the need for readmission may be affected by factors outside the hospital's control, such as illnesses, patients' behavior, or care provided to patients after discharge, rather than the discharging hospital. With a median length of stay of 29 days and by using this common 30-day benchmark, we chose the cutoff of 30 days as a dependent variable to depict its association with readmission to acute care from postacute care. Being in the postacute care hospital for <30 days at the time of return to an acute care hospital was a predictive factor in unplanned readmission to acute care in this study.
In a recent study examining readmission to acute care within 30 days of discharge from a subacute care hospital for children with complex chronic conditions, readmission was associated with the number of home medications, underlying chronic respiratory illness, pulse oximetry, home apnea monitoring, tracheostomy and/or ventilator dependence, length of stay, and number of follow-up appointments. The incidence of readmission increased to 29% for children discharged with >8 medications.
11 Differing from this current study in that the children were readmitted to acute care after discharge from subacute care, 2 of the predictor variables (length of stay and ventilator dependence) were the same, however, and considered together, these studies provide stronger evidence of the impact of these factors.
The generalizability of this study is limited by the small sample size and inclusion of only 1 postacute care hospital. It is, however, the fi rst report of readmissions to an acute care hospital from a pediatric postacute care hospital and could be easily replicated at other sites. Future work should include study of additional demographic, clinical, and institutional care factors that may contribute to an unplanned acute care readmission; evaluation of patient acuity at time of transfer to and from postacute care; identifi cation of which readmissions are more likely preventable; and an examination of postacute care hospital discharges to home with return to an acute care hospital. In addition, future areas for study may
